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Change in absorption coeflicient as a function of Co®
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Fig. 2. Relative transmittance ay a function of Cam exposurc,
The surfaces through which optical measurements were made
were lupped successively with 600-.and 1200-mesh ubrusive and
then polished with Linde A abrasive unrll approximately 800¢
transmittance relative to air at 6750 & was obtained.  The fin-
ished specimens averaged 1.3 em in thickness.

All spectral measurements were made with a Beckman 1MK-2
Ratio Recording Speum['\hotumclm The exposures were
earried out in a Co% irradiator (U.8. Nuclear Model RDF-11- )
nominally rated at 900 ¢i. The Ll(b&(, rate was determined by
air-equivalent ion chamber measurements to be 1.28 % 10¢ RR/h.
A variable temperature heating cavity was fabrieated to facilitate
exposures at elevated temperatures. In these lutter studies
suflicient time was allowed for the specimens to feaeh the desired
temperature before exposure. To reduce errors due to fading,
transmittance measurements were. made immediately  after
completion of exposures.

From exposures made at 21°C, it was found that the radintion-
mduu}d transmittance losses rcﬂn]torl from t“n broad absorption
bands eentered around 32003 and 7000 3. No l‘dlll‘lf.l()ll-
induced nbsurphon bunds were found in the region from 15,000 3

< to 21 000,\ for exposures up to IOJR The chunge iu the optical
absorphun coeflicients at 6750 X and 5200  are shown in Fig. 1
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for snmplea exposed nt 20°C Teis seen that ot both wavelengy,, : "
the absorption coeflicient shows an nlinost linear inerense Wi, i Lv
dose up to 104R after which o decided nonlinearity appear, ¥ }‘K‘;
Similar results have been reported from studies made on T nl'
plasses 12 . ; En;
The effect of maintaining siunples at clevated femper: itre !
during exposure iy illustrated in Fig, 2 where relative ey,
tance (ratia of post ation trunsmittanee to pre-ireadi: S g l"
transmitfance) at 6750 A is plotted against exposare at o g, : i
peratures, It iy scen that appreciable reduetion in transmies e foa o8
losses is offered Ly maintaining samples at 2 feroperature o ), w ko Sk
as 66°C.  In a 205°C environment, the transmittanee rewg: fite] u
within 3% ool 1(1 pre-ireadintion value alfter exposure to 1001, i sp
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i
In a previous demonstration of optical }wtvrnd\'m- dclevtmnl ot
specular reflectors were used to generate the signal and l(:(‘ul fo
oscillator beams from a single laser.  In this letter, we report the he
coherent optieal detection of n signal beam seattered from th
diffusely reflecting swface. When different. ay af the diffuse
reflector were Bluminated, variations in signal were ohservel we
which can be related {o the “granularity” phenomenon dive v in
observable with a visible laser.8 The average value of th(‘smvml an
obtained was in agrecment with that to be expectedd from a o
Lambertian diffuse reflector. The observed signal fluctustions
were consistent with the Ruyleigh distribution predicte (l bya
stochastie theory of diffuse retlectars, <
When using the optieal heterndyne or homaodyne teehuique. it s
is essential that spatinl and temporal coherence he maintuined |
between loeal oscillator and signal bens, Tn general, light
reflected frong a diffuse surfaee is notspatially voherent, but can 5 -**
be viewed ax having originated from an extended distribution of
randont sources, each radinting ut the excitation frequeney
From the thearem of van Cittert and Zernicke, ' it enn he shown
that the field radinted from an extended sowree will be spatiall
colierent over any receiver aperture which cannot resolve the
dimensions of the source. This coudition can alwigs he approsi
mately fulfilled, Gusuming receiver and teansmitter have the
sane aperture), by foeusing the transmitted beam to a Frawe
hofer difftaction spot on the diffuse surface.
Figure 1 shows the experimental arvangement used for mieasur-
ing heteradyue signal and noise. Optical feedback into the laset
was prevented by the use of o quarter-wave plate (AL and s
polavizer (P).  The luser (6328 X He-Ne) was operated i the
folded-coneentrie configuration.  The oscitlation was maintainel .
in a single spatinl and temporal mode, monitored visually by |
means of a plane Fabry-Perot interferometer, =P, The laser »
output (6 mnrin diam, 1) wag collimated by lens Ly and forused 2
by lens L: (200-em foeal length, F) to a Praunhoter spot on o -

diftuse, reflector, r.. The reflector ronsisted of ordinary white
bond paper glued to the face of o glass Hat which, in tum, was
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glued to 2 piczocleetrie ceramie disk, X. Part of the tlat was
l_,,,l‘[.rmted for purposes of eomparison with the case of specular
reflection.  Phase modulation: of the return beam was accom-
plish(-d by applying a sinusoidal voltage to the piezoclectric disk.
The depth of modulation was 0.3 rad at o frequeney of 1000 ¢ps.

The phase modulation was demodulated by maintaining a 90°-
phize difierence between the signal and loeal oscillator beams.?
“This condition was achieved by adjusting the length of the local
wseillator arm to maximize the homadyne signal, The 1000 ¢ps
signal in the photomultiplier, &, (ROA 7326, quantu eflicieney:
7 = 0.03) output clrrent was measured with an rms-reading audio
speetrum analyzer.

Rigden and Gordond have deseribed the nonunitorm spatial
mdintion patterns which veeur when cohierent light is reflected
from a diffuse surface, Inorder to determine the effect of these
sputial fluctuations on the sinal heam power at the deteetor, the
ditiuse reflector was moved trusversely across the bewm hy
weans of 1 mirrometer serew, M,

The experiment consisted of the following:
symal current was measured with a specular reflector loeated at
the focused spot. alter careful alignment of loeal oseillator snd

The spreular reflector was then replaced by the

the homodyne

signal beams.
difiuse reflector, oviented approsimately normal to the beam, and
w <erios of signal and noise meusurements were then made, cor-
responding Lo different positions of the ditfuse reflector, 0.05 mm
apart.  In ecach measurement the local asvilltor arm was ad-
justed with an interferometer confrol to muintain the phase angle
between the signal and Toeal oscillator beams in quadrature.
Puring each measurement, while the luminated avea was held
fised, the observed noise was constant and equal to the shot noise
on the photocurrent generated by the Tocat oseillator, as expeeted
for optical heterodyne  detection.? However, the observed
leterodyue signal varied with position of the illuminated arex on
the diftuse reflector as shown in Fig. 2.

1 the (depolarizing) diffuse reflector is a Lambert reflector, one
wild expect the ratio of specular to diffuse signal, close to normal
invidence, to be (2rp/Qpalt? where g and p, are the specular
and dilfuse reflectivities and € is the solid angle subtended by the
receiver aperture at the diffuse surface. ’

HET, SiGNAL {mV!

DISPLACEMENT {mm )

Vig. a ; .
2 Heteradyne signal va transverse displacement of diffuse
refleetor,

.

The varistions shown in Fig. 2 may be deseribed theoretically
by constructing n statistical model of the diffuse reflector which
desecibes n Lawbert radintor. The model which. was used
assumed that the reflected field was gencrated by a random current
distribution, i, over the volume of the reflector. Tt was assumed
that the phase components of each vector cowponent of curl i
were independent Gaussian stochastic processes with an average
value of zero and with the same two-puint correlation functions.
It theit follews that the experimentally mensured heterodyne
signal, 8, is a random variable which has & Rayvleigh distribution.
For this distributivn the various moments of S satisfy the relations

.(S'“’) i+ n) X

@ T T (u2)]

This ratio does not depend on the parameters of the distribution,
and hence is insensitive to the details of the statistical model.

As showh in Table [, the average heterodyne signal from the
ditfuse reflector is within o fretor of two of the result extrapolated
from the case of specular reflection.  The agreement between the
experimental and theoretical values of the moments of the distri-
bution of heterodyne signals strongly supports the validity of the
model of diffuse reflectivity in the present case.

Table 1. Diffuse Reflector Results
(S (SOAS) {80/
Exp. L4 my 1.24 1.96
Theoret. 2.5 mv* 1.27 2.00

 Based on measured {Sapeeute = 2500 My, 2, = 0.05, pg = 0.7,

Correlation was observed in the measured heterodyne signal

for displacements less than the dinmeter of the foeused spot, d, *

(d = FN/D = 0.2 mm). If the diffuse surface were in motion
“with respect to the optical beam, fuctuations similar to those
deseribed above would pecur and produce random modulation of
the signal beam. The detected signal would then have o noise
handwidth, which is approximately V/d, where 1 is the velority
at which the illuminated spot traverses the surface.

Tn summary, the present work has shown the applicability of
the optical heterodyne technique to diffuse, as well as specular,
surfaces but indicates that an effective loss of temporal coherence
is to be expected for moving reflectors,
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